Scale (DRS) comprises a series of five subtests which assess attention, memory, initiation/perseveration, construction, and conceptualisation. It can be delivered in full in approximately 30 rain, making it a useful test for the detection and estimation of the overall level of dementia. We analysed the pattern of subscale test scores in patients with cortical and subcortical dementias, who were matched for their overall level of dementia on this scale. Patients with dementia of Alzheimer's type were more impaired than patients with Huntington's disease (HD) and progressive supranuclear palsy (PSP) on the memory subtest, whereas patients with HD and PSP were more impaired on the initiation/perseveration subtest. This is evidence in favour of the concept of cortical and subcortical dementias as separate, although overlapping, entities. Qualitative differences in the pattern of cognitive impairment in these disorders can be detected with a brief cognitive status examination.
Introduction
The concept of cortical versus subcortical dementia was first fully delineated by Albert et al. in 1974 [1] to describe the pattern of intellectual impairment seen in patients with progressive supranuclear palsy (PSP). These patients were described as being slow, apathetic, forgetful, and had difficulty manipulating new information. Albert and co-workers suggested that degeneration of subcortical structures, and in particular the basal ganglia, was responsible for this pattern of intellectual decline by producing functional de-afferentation of the frontal lobes. This pattern of impairment was contrasted to that seen in cortical dementias, exemplified by Alzheimer's disease (DAT), which characteristically produces memory impairment early in the course of the illness, together with other cortical deficits such as aphasia and apraxia. The concept of subcortical dementia has gained wide currency and has been extended to include patients with Huntington's disease (HD), Parkinson's disease, AIDS-dementia complex, multiple-sclerosis-related dementia and other white matter disorders [7, 13] .
Studies which have attempted to validate the concept of cortical and subcortical dementias have, however, produced contradictory evidence (for review, see [3, 7, 12, 13] . A major source of inconsistency has been the failure, particularly in earlier studies, to match patients for the overall level of dementia, so that any differences may have been quantitative rather than qualitative. However, recent studies which have employed well-matched patient groups and have applied tasks derived from experimental neuropsychology have demonstrated consistent differences between patients with archetypal cortical dementia (i.e. DAT) and one form of subeortical dementia, namely HD [6, 12, 14, 20] . For instance, patients with DAT evidence a severe impairment of episodic memory that is charaeterised by ineffective storage of new information, rapid forgetting and an increased susceptibility to interference [6, 20] . There is also a breakdown in the structure and organisation of semantic memory in DAT [15] . In contrast, the moderate memory deficit found in patients with HD has been associated with difficulty in initiating effective retrieval strategies during attempts to search for information from either episodic or semantic memory [4, 5] .
The other area of uncertainty in this field is whether there is sufficient similarity between the various conditions included under the rubric of subcortical dementia (HD, PSP etc) to really justify the use of the term. The cognitive deficits associated with other causes of subcortical dementia have not been as extensively studied as in HD, and the vast majority of studies have compared just two groups of patients, for example DAT with either HD, PSP or Parkinson's disease. An exception to this are the elegant studies of Pillon and co-workers [21, 22] which have established that patients with DAT have significantly more memory and language impairment, whereas deficits associated with frontal dysfunction (attention, verbal fluency, card sorting and behavioural changes) predominate in PSP and HD.
Although experimental studies using sophisticated neuropsychological test procedures can detect consistent differences between patient groups with DAT and forms of subcortical dementia, it is unclear whether these differences are sufficiently robust to be detected using more standard mental test schedules. One such schedule, frequently used in both clinical practice and in research, is the Dementia Rating Scale (DRS, [18] ). The DRS is a standardised mental status examination that provides a global measure of dementia derived from five subscale scores: attention, initiation and preservation, construction, conceptualisation and memory. Approximately 30 rain is required to administer the examination to a demented patient. Unlike briefer screening instruments (e.g. the Mini Mental State Examination [9] ), the DRS was designed to assess a range of cognitive abilities and to monitor the progression of dementia. In addition, it contains tasks which are likely to be sensitive to early DAT (memory subtest), as well as tests of cognitive abilities which are likely to be compromised early in the course of subcortical dementing illness (initiation and attention). This makes it a good candidate for comparative group studies. Recently, Salmon et al. [23] reported that patients with DAT and HD, who were matched for overall severity on the DRS, nevertheless differed significantly in terms of the profile of subtests of the DRS; patients with DAT were more impaired on the memory subtest, whereas patients with HD were more impaired on the initiation subtest.
The aim of the present study was to replicate and extend these findings by comparing groups of patients with DAT, HD and PSP who were carefully matched for age and overall severity of dementia in terms of their total scores on the DRS. We predicted that patients with DAT would show selective impairment on the memory subtest whereas those with HD and PSP would show more impairment on the initiation and attention subtests.
Patients and methods

Subjects
A total of 55 subjects participated in the study. Ten patients had a diagnosis of PSP according to criteria described by Lees [16] , All of these patients had a supranuclear gaze palsy plus at least two other major features including axial rigidity, postural instability and falls, and pseudobulbar features. Ten patients had HD, with chorea, intellectual decline and a positive family history. Ten patients had a diagnosis of probable DAT according to the National Institute of Neurological Disorder and Stroke and the Alzheimer Disease and Related Disease Association (NINDS-ADRDA) [19] . The DAT patients were selected from a larger cohort of approximately 50 patients undergoing longitudinal neuropsychological assessment to match the PSP and HD groups in terms of age, education and total score on the DRS. Full examination and routine laboratory tests for the differential diagnosis of dementia, included MRI or CT, were carried out on all patients to exclude other causes of dementia.
Twenty-five community-dwelling normal volunteers from the subject panel of the Applied Psychology Unit in Cambridge formed the normal control group. These subjects were selected to include the same age and educational range as the patient groups. All subjects gave written informed consent.
Neuropsychological tests
The DRS was administered to each subject tbllowing the standard method described by Mattis [18] . The individual items that comprise each subtest and the item's maximum possible score are presented in Table 1 .
Analyses
Differences between groups were analysed using one-way analysis of variance (ANOVA). When significant differences arose, post hoc comparisons were made with individual t-tests with NewmanKeuls correction. We also analysed the results in terms of the overlap between the controls and the patient groups, and between the three disease groups, using a "cut-off' method similar to that applied in standard clinical practice. For this analysis we compared the proportion of cases in each group who fell 2 or more standard deviations below the control groups' mean score on each of the DRS subtests.
Demographic data
The demographic data are shown in Table 2 . Although, as might be expected, the average age and age range in the HD group tended to be slightly lower than in the other groups, there was, in fact, no significant difference between groups in terms of age IF [3, 51] = 2.8). For overall score on the DRS there was a main effect for group (F [3, 51] = 24.45, P < 0.0001). Post hoc analysis demonstrated significant differences between the patient groups and control groups, but no differences between DAT, HD, and PSP groups. The groups were well matched for years of education; a one-way ANOVA revealed no significant main effect for group (F [3, 51] = 0.64).
Results
The results on the memory, initiation and attention subtests are illustrated in Fig. 1 .
Memory
The DRS memory subtest gives a raw score out of 25. Controls scored 24.0 (SD 1.2), DAT 16 (SD 2.4), PSP 21.6 (SD 3.0) and HD 20.4 (SD 2.8), giving a significant overall main effect for group (F [3, 51] = 34.32, P < 0.0001). Post hoc analysis demonstrated that all three patient groups performed significantly less well than controls (P < 0.05). In addition, the DAT group performed significantly less well than the PSP and HD groups, but there was no difference between the latter two groups. Figure 1 shows the results in terms of cut-off scores; all 10 DAT patients' scores (100%) fell below 2 SD of the normal controls' mean, whereas only 2 (20%) of the PSP and 1 (10%) of the HD cases were outside the normal range.
Examination of the individual items constituting the memory subtest revealed that these differences could be accounted for largely by performance on the verbal memory part of the test, i.e. recall of a sentence (I), recall of self-generated sentence (II) and verbal recognition (see Table 1 ). DAT patients scored 6 (SD 1.3) compared to 9.8 (SD 1.9) and 9.3 (SD 1.8) for the HD and PSP groups, respectively. Performance in orientation and visual memory were very similar in the three groups.
Initiation
The DRS initiation/perseveration subscale gives raw scores out of 37. Average scores were controls 36.3 (SD 1.51), DAT 29.2 (SD 6.4), PSP 27 (SD 6.6) and HD 26.5 (SD 4.2). There was again a significant main effect for group (F [3, 51] = 18.81, P < 0.0001). Post hoc analysis confirmed that all patient groups were significantly less efficient on these tests than controls. The difference between the DAT group and other patient subgroups approached, but did not reach, significance. However, when analysed by the cut-off method a clear difference between these groups emerged (see Fig. 1 ). In the DAT group only 4 (40%) patients fell outside the normal range, as opposed to 8 (80%) PSP patients and all 10 (100%) of the HD patients.
Examination of the individual items of the initiation subtest revealed that differences were likely to be due to the supermarket fluency component of this subtest, as this makes by far the largest contribution to the overall subtest score.
Attention, construction and conceptualisation
On the attention subtest, there was a significant main effect for group (F [3, 51] = 3.15, P = 0.033) but none of the post hoc analyses reached significance. All of the DAT patients fell within the normal range, whereas 2 (20%) of the PSP and 4 (40%) of HD patients obtained scores below the cut-off (see Fig. 1 ). For the construction subtest, there was also a significant effect for group (F [3, 51] = 3.92 P < 0.1) and post hoc analyses revealed a significant difference between the PSP group and all other groups. However, these differences were entirely due to the fact that 4 (40%) patients in the PSP group failed to attain the maximum score of 6; all other patients and controls achieved this score.
Analysis of the conceptualisation subtest scores also revealed a significant main effect for group (F [3, 51]) = 5.75 P < 0.001) and post hoc analyses again showed a significant difference between the controls and each of the patient groups, but no differences between these groups. In terms of cut-off scores the proportion of cases falling outside the normal range was roughly equivalent (DAT 20%, PSP 30% and HD 40%).
Discussion
The results of the present study add to the growing body of evidence which suggests that patients with cortical and subcortical dementing diseases have distinct patterns of neuropsychological deficit which cannot be explained merely in terms of the severity of dementia. We have extended the findings of Salmon et al. [23] , who found significant differences in the profile of subtest scores on the DRS between patients with DAT and HD. The three patient groups in our study, precisely matched in terms of their total DRS scores, differed markedly in the pattern of memory and other cognitive abilities. The most striking finding was the severe impairment in episodic memory in the patients with DAT, all of whom were in the early stages of the disease. By contrast, the vast majority of patients with PSP and HD performed normally on the memory subtest of the DRS. Further examination of the individual items making up the memory subtest showed that the DAT patients failed predominantly on the verbal components of the test (i.e. recall of given and selfgenerated sentences and verbal recognition). This is in accordance with the finding of Salmon et al. [23] except that these workers also found DAT patients to be more impaired on orientation tasks, which was not a finding in our study. We feel, however, that further analysis with a larger number of patients would be necessary to draw firm conclusions regarding performance on individual test items.
The opposite pattern was observed on the initiation/ perseveration subtest, in which all of the HD patients and 80% of the PSP patients were impaired, whereas only 40% of DAT cases fell below the cut-off. It should be noted that the largest single component of this subtest is supermarket fluency, which contributes 20 of the possible maximum of 37 points. It is well established that patients with HD, and to a lesser extent those with PSP, show marked impairment on verbal fluency tests early in the course of the disease [15, 21, 22] . On measurements of attention and conceptualisation there was no difference between the types of dementia, although all groups performed less well than controls. The finding in the construction subtest, namely selective impairment in PSP patients only, should be interpreted with caution due to the ceiling effects in the other groups.
The importance of characterising the differences between dementias in which the underlying pathology lies in different structures is that this may give us some understanding of the biological significance of those structures. The pathology in DAT lies largely in cortical strucutres; in the early stages of the disease the trans-entorhinal region bears the brunt of the damage which effectively disconnects the hippocampus, leading to a severe disorder of episodic memory [8] . By contrast, in PSP and HD the pathology is predominantly in subcortical structures, i.e. the basal ganglia and brain-stem nuclei. A detailed knowledge of the psychometric findings in these disorders may give important clues as to the role of the basal ganglia in cognition. It is important, therefore, to determine whether there are qualitative differences in the cognitive function of patients with these diseases. To look for qualitative differences, patients must be carefully matched in terms of other variables, particularly overall level of dementia. In this study we have demonstrated differences between patients with cortical and subcortical dementia on subtests, the sum of which was identical for all patient groups. These findings support the general concept of cortical versus subcortical dementia, with subcortical dementia producing slowness, perseveration and impaired frontal executive function and cortical dementias producing abnormalities of memory (and language, although this was not apparent in the present study since the DRS does not contain a language subtest). These differences are present in early dementia, and with progression of the illness a more global dementia usually emerges.
The concept of subcortical versus cortical dementia has been criticised on both neuroanatomical [28] and neuropsychological [3] grounds. In particular, it has been argued that subcortical lesions are present in DAT [17, 26] , and conversely, cortical changes occur in subcortical diseases such as HD [11, 24, 25] . We accept that there is both anatomical and psychometric overlap, but we believe that the importance of the concept lies in the fact that different anatomical structures bear the brunt of the pathology, particularly in the earlier stages of the disease process. This line of argument is supported by metabolic studies demonstrating that subcortical dementias show more subcortical than cortical hypometabolism, whereas the reverse is true for cortical dementias [2, 10, 27] . However, before accepting the general concept of subcortical dementia it is essential to perform further comparative studies which involve several disease groups assessed longitudinally.
The ability to distinguish between subcortical and cortical dementia is also important in practical diagnostic terms. The DRS is a well validated and widely used test which can be given in approximately 30 min. We propose that it may be useful in clinical practice, not only for detecting the presence of cognitive impairment and for grading the severity of dementia, but also to determine the broad category of dementia.
